The macromolecules contributed by the freshwater gastropod Biomphalaria glabrata, intermediate host of Schistosoma mansoni, to developing offspring inside egg masses are poorly known. SDS-PAGE fractionated egg mass fluids (EMF) of M line and BB02 B. glabrata were analyzed by MALDI-TOF (MS and tandem MS). A MASCOT database was assembled with EST data from B. glabrata and other molluscs to aid in sequence characterization. Of approximately 20 major EMF polypeptides, 16 were identified as defense-related, including protease inhibitors, a hemocyanin-like factor and tyrosinase (each with possible phenoloxidase activity), extracellular Cu-Zn SOD, two categories of C-type lectins, Gram negative bacteria-binding protein (GNBP), aplysianin/achacinlike protein, as well as versions of lipopolysaccharide binding protein/bacterial permeability increasing proteins (LBP/BPI) that differed from those previously described from hemocytes. Along with two sequences that were encoded by "unknown" ESTs, EMF also yielded a compound containing a vWF domain that is likely involved in defense and a polypeptide with homology to the Aplysia pheromone temptin. Further study of B. glabrata pheromones is warranted as these could be useful in efforts to control these schistosome-transmitting snails. Several of the EMF polypeptides were contained in the albumen gland, the organ that produces most EMF. Thus parental investment of B. glabrata in immunoprotection of its offspring is indicated to be considerable.
Introduction
The fertilized eggs of many animal species undergo development within egg masses deposited in the external environment, and the molecules used to protect the developing embryos from attack by pathogens are of fundamental immunobiological interest. Using the freshwater Neotropical pulmonate snail Biomphalaria glabrata as our study organism, MALDI-TOF mass spectrometry was used to examine the polypeptide components of egg masses. Biomphalaria glabrata is an important intermediate hosts for the digenetic trematode Schistosoma mansoni, a parasite that causes a chronic, debilitating infection known as schistosomiasis that afflicts millions of people in developing countries [1] . A better underlying knowledge of the basic biology of the snail host will provide needed perspective for developing alternative and novel control strategies for disrupting the transmission of schistosomes by snails.
Several steps in the process of producing and depositing egg masses are vulnerable to exploitation by parasites and pathogens. Copulation may lead to venereally transmitted infections that impair host health or reproduction [2] . Pathogens of the reproductive system can also be passed on to the offspring via gametes or by being packaged in the fertilized eggs. Although these topics have not been well-studied in snails, venereal pathogen transmission is known in land snails both for a kinetoplastid [3] and nematodes [4] . Rickettsia-like organisms occur in molluscs and in their ova [5] , and nematodes can colonize their host's eggs, resulting in newborn snails that are already infected [6] . It is likely that snails employ immune protection of the reproductive tract against sexually-transmitted pathogens, and to prevent vertical transmission of pathogens. Such measures probably extend to the egg masses to protect the energetically expensive progeny.
Once deposited in the environment, developing egg masses face continuous threats from bacteria, fungi and other potential pathogens. Several studies report antimicrobial activity in the soluble components of molluscan egg masses [7] [8] [9] . The eggs of the marine opisthobranch gastropod Aplysia kurodai contain aplysianin-A, an L-amino acid oxidase (LAAO) which has antimicrobial activity against both Gram (+) and (−) bacteria. It is produced in the albumen gland and is part of the perivitelline fluid that envelops each egg [10] . Antimicrobial factors are also present in the eggs of pulmonate snails; the perivitelline fluid of Helix pomatia contains an N-acetylgalactosamine-binding lectin that agglutinates bacteria [11] [12] [13] and binds to herpesviruses [14] . The albumen gland of the freshwater pulmonate Lymnaea stagnalis produces an epidermal growth factor and a trypsin inhibitor, the latter postulated to prevent degradation of proteins in perivitelline fluid of the eggs [15] .
Biomphalaria glabrata is a hermaphrodite like all pulmonate snails, and although capable of selfing, it is a preferential outcrosser [16] . In this snail species, oocytes produced in the ovotestis move via the hermaphroditic duct to the carrefour region where fertilization occurs. Eggs are then coated with perivitelline fluid which is synthesized and secreted by the albumen gland, a compound tubular exocrine gland that is associated with the female portion of the reproductive tract. Eggs are subsequently encapsulated by a membrane produced by the pars contorta. The packaged eggs are then surrounded by secretions of the muciparous and oothecal glands to form an egg mass which is deposited through the vaginal opening on smooth objects in the environment. Egg masses (Fig. 1) are flat, oval in shape, may exceed 1 cm in diameter, are of a transparent yellow-orange color, and contain 30 or more eggs [17] .
The perivitelline fluid of B. glabrata contains the highly branched polysaccharide galactogen and proteins [18, 19] . It is the major source of nutrition for fertilized eggs [20, 21] , and has agglutinating activity as do extracts of the AG [22] [23] [24] [25] . Although the protein composition has not been systematically studied, Bai et al. [26] [27] [28] found phenoloxidase activity in both the AG and perivitelline fluid of B. glabrata, and associated the activity with SDS-PAGE protein band of 35 kDa. Miller et al. [29] recorded pBS11, a transcript in the albumen gland of B. glabrata that has 83% nucleotide identity to HdAGP, a major component of the albumen gland and perivitelline fluid of the closely related snail, Helisoma duryi [30] . HdAGP is assumed to be a nutritive glycoprotein, yet it shares sequence similarity to lipopolysaccharide binding protein/bactericidal permeability-increasing (LBP/BPI) antimicrobial proteins [30] . A homolog of aplysianin-A, another antimicrobial peptide was found in whole bodies of B. glabrata [31] but its expression status in the AG is unknown. Proteomic approaches led to identification from B. glabrata of two isoforms of both a glycolytic enzyme (endo-1,4-β-mannanase 1 and 2) and a calcium-binding protein, and an inhibitor of a cysteine protease (Bg type-2 cystatin), all of which were strongly expressed in the albumen gland [32] . Thus, the albumen gland produces perivitelline fluid and has a clear reproductive function and it is also implicated in having a significant role in the snail immune response [32] . Jeong et al. [24] speculated that the AG was the source of blood-borne agglutinins in B. glabrata. This supposition was supported by Guillou et al. [33] who identified transcripts encoding BgSel, a C-type lectin that was expressed in the peripheral secretory cells of the albumen gland and that was upregulated following exposure of resistant B. glabrata to the digenean parasite Echinostoma caproni.
To improve our understanding of both the reproductive biology and immunology of B. glabrata, we have applied MALDI-TOF techniques to characterize egg mass and albumen gland proteins from the BB02 and M line strains of B. glabrata. To facilitate our analysis, we recruited into MASCOT publicly available transcriptome sequence data for all representatives of the Mollusca, including B. glabrata. By emphasizing the acellular fluid of egg masses, this study also provides for B. glabrata more information on an important life cycle stage that may not yield easily to more conventional approaches based on EST analysis.
Materials and Methods

Egg mass sample collection
Egg masses were collected from snails of the BB02 or M line strains of B. glabrata that are routinely maintained at the University of New Mexico [34, 35] . Adult snails were housed in tanks containing artificial spring water and fed red leaf lettuce ad libitum. Pieces of styrofoam were floated on the water's surface as the snails' preferred egg laying substrate [26] . Egg masses deposited within 24-48 hours (Fig. 1) were removed from the styrofoam, rinsed in distilled water, blotted dry and placed in the lid of a sterile 1.7 ml tube, one egg mass per tube. A 22G needle was used to pierce each ovum, while avoiding disruption of the embryo, and to release perivitelline fluid from the egg mass. The remaining solid portion of the egg mass including the embryos was discarded. The tube was closed and spun, the collected fluid is referred to as egg mass fluid (EMF). EMF consists primarily of perivitelline fluid but the possibility that it contains small amounts of fluid from the portion of the egg mass surrounding the individual membrane-bound ova can not be excluded. Forty μl of Laemmli sample buffer, prepared with 5% (v/v) BME according to instructions of the supplier (BioRad), but with increased SDS content of 20% (w/v), was added to the EMF. The sample was vortexed for 30 seconds, boiled for 5 minutes and then cold quenched.
Albumen gland protein extraction
Albumen glands (AG) were dissected out of adult BB02 snails measuring 10-12 mm in shell diameter (Fig. 1) . A single excised AG was immediately placed in a sterile 1.7 ml tube with 100 μl of Laemmli sample buffer (prepared as above), disrupted with a Kontes pestle (Kimble/ Kontes), boiled for 5 minutes and then cold quenched. The resulting sample was spun to remove any particulate debris.
SDS-PAGE
EMF or AG samples were run on a Bio-Rad Protean II system (Bio-Rad), connected to a VWR 1140 cooling bath. The 1.5 mm thick gel consisted of a 4% acrylamide stacking gel (0.1% SDS in 0.125 M Tris-HCl pH 6.8) and a 5-20% gradient acrylamide separating gel (0.1% SDS in 0.375 M Tris-HCl pH 8.8). The protein samples were separated for ~3.5 hours at 70 mA until the dye front was approximately 2.5 cm from the bottom of the gel. Gels were rinsed and stained in Coomassie blue G250 (BioRad). Gels were photo-documented and sections containing prominent bands were excised.
In-gel peptide digest and mass spectrometry
Excised gel fragments were washed 3 times in 25 mM NH 4 HCO 3 /50% acetonitrile (ACN) for 20 minutes at 37°C. For in-gel digestion of proteins [36] , gel pieces were incubated with 12.5 ng/μL trypsin in 25 mM NH 4 HCO 3 /10% ACN for 30 minutes at 37°C, then 25 mM NH 4 HCO 3 was added to cover all of the gel and the samples were incubated overnight at 37°C
. Five μL of peptide digest were bound to a C18 ZipTip (Millipore, Billerica, MA) and eluted in 2 replicate spots onto a MALDI plate with 5 mg/mL α-cyano-4-hydroxycinnamic acid in 50% ACN/0.1% trifluoric acid and allowed to air dry. Peptide spectra were acquired using a 4700 Proteomics Analyzer (TOF/TOF) (Applied Biosystems) at the Mass Spectrometry Facility, University of New Mexico (Albuquerque, NM). The instrument was in positive ion reflection mode. An MS survey scan was first performed for each sample across the entire plate and the 20 most intense peaks above a signal to noise ratio of 30 from each well were subjected to MS/MS analysis.
Custom MASCOT database for molluscan transcripts
The MASCOT ™ search engine software (Matrix Science) used to analyze MS data for protein identification relies on reference sequence information from a primary "MASCOT database" that encompasses the annotated proteins in the NCBI databases. The relative paucity of annotated protein sequences from molluscs limits the capabilities of MASCOT for meaningful analysis of MS data obtained from B. glabrata [32, 37] . To increase the validity of MASCOT analysis, all publicly available ESTs from molluscs were downloaded from the respective GenBank and the Trace Archive databases at NCBI (http://www.ncbi.nlm.nih.gov/) in February, 2008. The majority of these sequences derived from Lottia gigantea (NCBI Taxonomy ID: 225164), Aplysia californica (NCBI Taxonomy ID: 6500), and B. glabrata (NCBI Taxonomy ID: 6526). All six reading frames of each EST were translated using Transeq (http://www.ebi.ac.uk/Tools/emboss/transeq/index.html). The resulting amino acid sequences (FASTA format) were placed in a primary sequence database "All Molluscs" (available upon request). MASCOT software performed in silico trypsin digests on all predicted amino acid sequences, creating fragment ion mass values for all protein sequences encoded for by molluscan (nucleotide-level) ESTs.
Database search and bioinformatic analysis
Both MS and MS/MS spectra were processed using GPS Explorer ™ software (v3.5, Applied Biosystems). For MS spectra a S/N ratio threshold of 30 was used and for MS/MS a threshold of 20 was used to detect peaks. Monoisotopic peak lists were generated in GPS Explorer ™ and submitted to the MASCOT search engine for protein identity. Three databases were searched using MASCOT: NCBI non redundant, Swiss-Prot, and the locally created EST database "All Molluscs". For all searches the precursor tolerance was 200ppm, the MS/MS fragment tolerance was 0.1 Da, and the variable modifications were carboxymethyl and oxidation. Protein identification was considered significant with a MASCOT score (C.I. %) corresponding to p<0.05. For all results with p<0.05 in the "All Molluscs" database, the corresponding original ESTs derived from B. glabrata were compiled and clustered if possible (Sequencher v4.8, Gene Codes). Assigned peptide sequences were checked to determine that they were encoded by open reading frames of originating ESTs. If identified by BLAST searches (http://blast.ncbi.nlm.nih.gov/Blast.cgi), complementary ESTs from B. glabrata were used to extend the coding sequences of the original matching ESTs, using Sequencher for clustering, requiring >95% nucleotide identity in the overlap. BLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi) and the bioinformatics web tools at the Expasy site (http://www.expasy.ch/) were used for further sequence analysis, including predictions of signal peptide sequences and molecular weight of mature protein sequences.
Results
SDS-PAGE profiles of EMF and AG
The SDS-PAGE separation of several replicate samples yielded consistent patterns both for EMF (from M line and BB02 strain B. glabrata) and for AG (BB02). Fewer protein bands were contained in EMF than in the more complex AG profile, but several bands of similar molecular weight were in common between the two types of samples. Figure 2 shows the gel sections and the protein bands from EMF and AG profiles that were excised for proteomic analysis.
Sequence identifications
At a confidence level ≥95%, proteomics analyses yielded identification of 16 different polypeptides among the approximately 20 bands in Coomassie-stained lanes loaded with BB02 EMF. Thirteen of the 16 components were defense-related factors. Thirteen proteins were identified by examination of the EMF of M line B. glabrata, 9 of which were in common with those found in BB02 EMF, and 10 of which were defense-related. Among the putatively defense-related proteins identified in BB02 egg masses were α 2 -macroglobulin protease inhibitor, two serine-protease inhibitors (including ovalbumin), hemocyanin, LBP/BPI (several polypeptides ranging from 60 to 50 kDa; Fig. 2,3 ), two different categories of C-type lectins (see below), Gram-negative binding protein (GNBP), a vWF domain containing sequence, and a tyrosinase. An aplysianin/achacin homolog and extracellular superoxide dismutase (EC Cu/Zn SOD) were found from M line egg masses, as was a homolog of temptin, a pheromone described from the genus Aplysia, none of which was confidently recovered from BB02 egg masses. The corresponding analysis of solubilized BB02 AG identified 14 proteins at a confidence level ≥95%, nine of which were defense-related, nine of the 14 were also found in EMF. Other sequences recovered from AG were heat shock protein 90, elongation factor 2 (EF-2), ATP synthase subunit (mitochondrial) and ribosomal protein S8, as could be expected from a metabolically and transcriptionally active tissue. Finally, mass spectrometry data from other bands excised from SDS-PAGE profiles were linked to so-called "unknown" ESTs from B. glabrata that encode factors without similarity to known proteins. While their functions remain unknown, one such sequence occurred in AG, and two in EMF (Table 1) .
Detailed consideration of C-type lectin sequences
Several peptides obtained from EMF and AG matched to ESTs from B. glabrata that have a conserved domain (termed CLECT, C-type lectin (CTL)/C-type lectin-like (CTLD) domain, accession: cd00037; http://www.ncbi.nlm.nih.gov/Structure/cdd/cddsrv.cgi), that is characteristic for C-type lectins. Two different categories of C-type lectins were recognized. Analysis of ESTs associated with 33-35 kDa polypeptides from EMF and AG, disclosed lectins that consisted of a carboxy-terminal C-type lectin domain and a putative N-terminal immunoglobulin superfamily (IgSF)-like domain. The latter domain has similarities with the IgSF domains of selectin and fibrinogen-related proteins (FREPs), lectins previously described from B. glabrata [38] [39] [40] , (Fig. 4) .
Polypeptides of 16-18 kDa (present in both EMF and AG) represented members of a second category of C-type lectins, consisting of a single C-type lectin domain. Analysis yielded multiple B. glabrata-derived ESTs that encompass at least six related yet different lectin sequences of this latter category (Fig. 5 ).
Discussion
SDS-PAGE in conjunction with proteomics analysis enabled identification of protein constituents of EMF and AG, and supports the notion that AG contributes proteins to the EMF. Without a large set of annotated proteins, de novo interpretation of MS spectra is challenging and may fail to identify all mass spectrometry data recovered [32, 37] . Also, given that PVF is acellular, characterization of this distinctive product of the snail genome is refractory to ESTbased approaches that monitor transcription. The recruitment of all unannotated transcriptome data from mollusks, including those from B. glabrata, improved the rate of identification of snail-specific polypeptide sequences. The use of the mass spectrometry-derived peptide fragments for BLAST analyses of the EST databases yielded (clusters of) transcribed sequences with open reading frames that provided additional information on the partial or complete amino acid sequence of the originating B. glabrata proteins (also see Fig. 3 ). This strategy will prove valuable for studying the proteome of other organs of B. glabrata, and for helping to interpret the forthcoming genome sequence [41] .
The task of identifying proteins of EMF was aided by the fact that the total number of major bands in the SDS-PAGE profile was limited, such that proteins could be separated and obtained in relatively pure form. Seven major bands constituted large proportions of the total protein content. Possibly, some or all EMF proteins have a dual function, providing both nutrition and immune protection, at least during the early stages of embryological development, especially before immune cells are produced in the embryo. This is consistent with the hypothesis of Mukai et al [29] that the major 60-70 kDa component of egg masses of Helisoma duryi (and AG), that has extensive sequence similarity with to antimicrobial LBP/BPI proteins (also present in EMF and AG of B. glabrata, see below) and that diminishes over time with the development of the snail embryo's, also has a nutritive function.
Among the defense-related polypeptides identified in BB02 egg masses was a ~175 kDa α 2 -macroglobulin. A tetrameric form of α 2 -macroglobulin with subunits of approximately 200 kDa has been recovered from B. glabrata plasma [42] , and the peptides identified here match the amino acid sequence encoded by the full-length cDNA sequence (Genbank ACL00841) characterized from B. glabrata. These thio-ester-containing, broad spectrum protease inhibitors are important components of the innate defense systems of both invertebrates and vertebrates. They physically entrap pathogen-derived proteases and can also covalently bind other pathogen-derived ligands and modulate lectin-dependent cytolytic pathways [43, 44] . A cysteine protease produced by S. mansoni larvae is inhibited by α 2 -macroglobulin in B. glabrata [45] . Along with putative defense functions, the protease inhibitory activity of α 2 -macroglobulin may protect the proteinaceous components of PVF from premature degradation, thus favoring the nutrition of the developing embryo.
Two serine protease inhibitors (serpins), including ovalbumen, are present in EMF. Like α 2 -macroglobulin, they may safeguard the protein components of the egg mass from "promiscuous proteolysis" [46] . Provision of egg masses with serpins is a likely defense strategy to protect against serine proteases that are major virulence factors for pathogens ranging from viruses to helminths [47] . Also serpins have important regulatory roles in enzymatic cascades such as that involved in melanization via the activation of phenoloxidase [48] . This is of interest given that phenoloxidase activity is present in the AG and egg masses of this species [26] [27] [28] and see below.
Peptides with similarity to hemocyanin were recovered from a ~150 kDa band of EMF. As noted by Lieb et al. [49] , planorbid snails like B. glabrata are unique among gastropods for their use of hemoglobin as a respiratory pigment. Nonetheless, hemocyanin is also present in B. glabrata blood but in a truncated form that makes it unlikely to function in oxygen transport [49] . Because of their sequence similarities to tyrosinases and phenoloxidases, possibly, the hemocyanin-like sequences in both the blood and egg masses may have tyrosinase activity and can stimulate the formation of melanin [50, 51] . Although tyrosinase activity has yet to be documented for molluscan hemocyanins, the intrinsic phenoloxidase activity of hemocyanin from horseshoe crabs is activated by exposure to antimicrobial peptides [52] . Furthermore, hemocyanins themselves can also yield antimicrobial activities [53, 54] . The involvement of hemocyanin (subunits) in defense against bacteria, fungi and viruses has also been highlighted in recent work with arthropods [55, 56] , and may help to explain why short forms of hemocyanin persist in planorbid snails.
As noted by Bai et al. [26] , phenoloxidase activity is present in the AG and egg masses of B. glabrata. It was concluded that this activity is critical to the formation of the membrane around each individual egg which is akin to the tanned "egg shell" of other invertebrates. This phenoloxidase activity was associated with a 35 kDa protein from egg masses [27] , much smaller than the ~150 kDa hemocyanin described above. However, also present in EMF are bands of 27-30 kDa with peptides similar to invertebrate tyrosinases, and these bands very likely correspond to the factor with phenoloxidase activity found by Bai et al. [27] . It is conceivable that two distinct sources within B. glabrata egg masses, hemocyanin and tyrosinase, contribute to melanization for egg membrane formation and for anti-pathogen functions.
Peptides from the most abundant protein component of EMF (at ~60kDA) enabled assembly of several ESTs (Fig. 3) , the combined sequence of which displayed extensive similarity to a developmentally regulated albumen gland protein from B. glabrata that was later identified as LBP/BPI (lipopolysaccharide binding protein/bactericidal permeability-increasing protein) [29, 33] . We confirmed that this anti-microbial molecule was prominently expressed in the AG of B. glabrata, and Mitta et al. [57] showed that LBP/BPI was down-regulated following exposure to trematode infection, whereas a related molecule expressed in hemocytes was upregulated following exposure to digeneans. This prompted the suggestion that B. glabrata has separate immune pathways for responding to bacteria and digeneans [33] . Our analysis of relevant ESTs indicated that multiple forms of LBP/BPI with minor sequence variation exist in EMF, all of which are distinct from the hemocyte version of the molecules reported by Mitta et al. [57] (represented by ESTs FC859212, FC855777, EE049679). The presence of variant forms is of interest in suggesting an enhanced spectrum of binding to potential microbial pathogens. A molecule with 83% sequence identity was also identified as the most abundant component of the PVF of the related snail, Helisoma duryi [30] . In larvae of the oyster Crassostrea gigas, LBP/BPI transcripts are upregulated following exposure to bacteria, and LBP/BPI may associate with the epithelium as part of first line of defense during all early stages of larval development [58] . LBP/BPI-related molecules have been proposed to be part of the first line of defense in the innate immune response of vertebrates as well [59] .
The EMF contained Gram-negative bacteria-binding protein (GNBP), the peptides recovered from a 30kDa band all map to a previously characterized sequence of a 55kDa Biomphalaria glabrata GNBP (EF452345) [60] . This may indicate that GNBP is subject to cleavage in the EMF, or alternatively, the 30 kDa GNBP in EMF stems from as yet uncharacterized genes of B. glabrata. GNBPs are pattern recognition receptors that bind β-glucans of microbial cell walls and activate innate immunity through Toll/Imd pathways in arthropods [61] where GNBPs are also involved in melanotic encapsulations [62] . GNBPs are known from B. glabrata, and expression levels in whole-body extracts were either down-regulated following microbial infection or showed no change following digenean infection [60] . The locations of expression of GNBPs in B. glabrata are not known but this study also identified GNBP from a 55kDa band of the AG.
The same two distinct types of C-type lectins were found in both EMF and AG. Lectins are hypothesized to play a major role in non-self recognition in invertebrates including molluscs [63] . C-type lectins comprise a complex superfamily of calcium-dependent, carbohydratebinding molecules that mediate a variety of defensive functions including agglutination and opsonization associated with phagocytosis [64] . The first type consisted of lectins (ranging from 33 to 35 kDa) that combine a downstream C-type lectin domain and upstream IgSF-like sequence, similar to the domain structure of selectin, another C-type lectin (dissimilar in sequence) described previously from B. glabrata [38] . Such a domain organization is also evident from FREPs, yet another group of B. glabrata lectins that feature N-terminal IgSF domains with fibrinogen-like sequences as downstream lectin domain [39, 40] . It may be that this particular modular domain organization is a common theme for a subset of lectins in B. glabrata. Polypeptides of about 16-18 kDa represent the second type of C-type lectin that consists of a single C-type lectin domain with a signal peptide. Analysis identified six related yet dissimilar sequences of this type of lectin. One of the lectin sequences identified here (Genbank accession FC856131) has 99% identity (over 103 aa) with a partial transcript (EB709537) that is expressed in the peripheral secretory cells of the AG [33] , additionally, expression was upregulated over four days following exposure to Echinostoma caproni in resistant snails. A closely related yet different sequence of this category of C-type lectins, not identified by this proteomics analysis, also exists in B. glabrata (Genbank accession EE049640). Using suppressive subtractive hybridization, Bouchut et al. [31] discovered that this C-type lectin was over-expressed in snails resistant to the digenean parasite Echinostoma caproni as compared to susceptible snails.
A superoxide dismutase of ~37 kDa was identified in the EMF of M line snails. This is an extracellular Copper/Zinc SOD (EC Cu/Zn SOD) that complements the two other dismutases described from Biomphalaria; the mitochondrial type Manganese (Mn) SOD [65] and a distinct cytoplasmic Cu/Zn SOD [66] . All SODs catalyze the dismutation of superoxide to hydrogen peroxide. The mitochondrial Mn SOD may play a role in a general stress response by limiting oxidative damage. Hydrogen peroxide produced by cytoplasmic Cu/Zn SOD in B. glabrata hemocytes kills sporocysts of S. mansoni and allelic SOD variants that achieve a high level of expression may be determinants of resistance to S. mansoni [66] . Guillou et al. [33] postulated a role for EC Cu/Zn SOD in limiting damage due to the generation of damaging radicals associated with encapsulation and killing of E. caproni sporocysts. The role of EC Cu/Zn SOD in EMF, whether to promote formation of hydrogen peroxide to discourage pathogens, or to protect the embryo from toxic oxygen radicals, remains to be determined.
Another immune-relevant protein identified in EMF from M line but not BB02 is a 55 kDa protein with similarities to achacin and aplysianin. Achacin is a bactericidal protein originally recovered from the body mucus of the terrestrial pulmonate snail Achatina fulica [67] . A related molecule is aplysianin-A, observed from eggs of Aplysia kurodai. It is produced in the AG, and has tumoricidal and bactericidal activity [68] . Achacin and aplysianin-A are L-amino acid oxidases (LAAO) that deaminate basic amino acids to produce hydrogen peroxide for killing of bacteria. The depletion of media of basic amino acids also inhibits bacterial growth [69] . Transcripts identical to those identified here were more abundant in echinostome resistant than susceptible B. glabrata [31] .
Another putative defensive component identified in EMF and AG was a 50 kDa polypeptide that encodes a vWF domain such as contained in matrilin. Matrilin was expressed at increased levels in hemocytes from CB-R strain B. glabrata, selected for resistance to E. caproni, as compared to the susceptible EAF strain [70] .
A final component of note identified in M line egg masses is a 17 kDa polypeptide with homology to temptin. In Aplysia, temptin is one of several peptide hormones produced in the AG and released into the environment with the eggs. Collectively this group of peptide hormones attracts conspecifics and stimulates formation of aggregations and hermaphroditic mating. This activity is mostly associated with attractin, but likely also involves other peptides including temptin [71] . Vianey-Liaud and Dussart [72] suggested that the fecundity of B. glabrata can be increased by exposure to a conspecific, even without physical contact, and even if sperm are not transferred, suggestive of a stimulatory chemical factor produced by the snail (see also [73] for a similar insight). Further study of the possible production and release of pheromones along with or in B. glabrata egg masses is warranted because it could offer some innovative approaches for developing pheromone traps to attract and eventually kill these schistosome-transmitting snails. Such traps might be used in selected transmission foci to minimize the number of snails available to transmit the infection.
There is much left to learn regarding the immunobiology of B. glabrata egg masses and of the developing embryos they contain. How do the components used to protect developing embryos differ from those used to protect eclosed snails, especially when the latter are exposed to different categories of pathogens? Do egg-protective measures change as a consequence of the infection history or status of the adult that produced the eggs? Some arthropod studies indicate that maternal pre-exposure to a pathogen can alter egg mass content in a way that reduces vulnerability of the offspring to the same pathogen [74] . Another fundamental question is whether defenses provided the eggs are entirely due to maternal provisioning. At what point do developing embryos contribute to their own defense? In the insect Manduca sexta, many maternally-produced immune-related proteins and corresponding mRNAs were detected in naïve eggs, yet an upregulation of anti-microbial peptide expression was noted upon challenge of eggs with bacteria, with the synthesis occurring in extra-embryonic tissues [75] . These authors postulated that extra-embryonic immunity may be a common mechanism for protecting early stage embryos because 1) an immune response mounted by the embryo may damage it or compromise its ability to develop properly; and 2) it would be advantageous to kill microbes in an extra-embryonic environment before they have the opportunity to colonize and damage the embryos [75] .
By identifying several of the polypeptides present in EMF and the AG, our study will help answer these questions. This study is also of value in showing that proteomics approaches can help reveal the composition of acellular compartments refractory to transcriptomics studies (snail mucus is another logical target for such study), identify the AG as the likely source organ of several components of EMF, reveal important aspects of snail biology that may be relevant for control such as the possible production of B. glabrata pheromones, and when used in an organ specific context in conjunction with transcriptomics, will be very useful in ascribing functions to otherwise uncharacterized genes once the genome sequence of B. glabrata becomes available. Peptide sequences from the 35 kDa bands mapped to a cluster of three ESTs (Genbank accessions DW474380, FC856550, FC859543) that contained a complete coding sequence. This lectin is designated "34kDa" based on the predicted molecular weight for the mature protein sequence. The protein bands of 35 and 33 kDa yielded identical MS peptide data for another lectin (designated 3335k), however, the sequence represented by ESTs FC857569 and EE049674 remains incomplete at the N-terminus. The alignment compares the deduced amino acid sequences. Shaded regions represent experimentally recovered amino acid sequences. The signal peptide is within a solid line box, dotted line boxes locate cysteine residues that form disulfide bonds to create the intrachain loop that is typical for IgSF domains. The C-type lectin conserved domains (NCBI CCD cd00037) are underlined, + = conserved replacements.
Abbreviations/Symbols
(B,C) The upstream IgSF domains of the 34kDa and 3435k lectins display similarities (identical residues and conserved replacements) to the IgSF domains of selectin (BgSel; AAC14140) and fibrinogen-related protein 4 (BgMF4; AAC47699), two previously characterized lectins from B. glabrata, respectively.
Fig. 5. Single domain C-type lectins
Peptide information from two low molecular weight protein components of albumen gland and egg mass fluids of B. glabrata revealed a group of similar but distinct C-type lectins that range from in 16 to 18 kDa (predicted molecular weight of mature proteins). The alignment shows representative EST sequences (identified by Genbank accession number) that each encode for a signal peptide (box) and a conserved C-type lectin domain (NCBI CCD cd00037; underlined 
